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Patients with angina frequently report that their symptoms
are more easily provoked in the cold, particularly on a windy
day. Several investigators have studied patients with a
history of cold intolerance and confirmed that cold exposure
induces angina earlier and reduces exercise tolerance (1-4) .
However, Juneau et al . (5) studied unselected patients and
found that such changes were not seen in all patients with
but were restricted to those with a history of cold
intolerance . Thus, there may be two groups of patients with
angina who exhibit differing symptomatic responses to cold
exposure. The mechanism for this difference has not been
investigated .
Coronary vasoconstriction may occur in a cold environ-
ment, leading to a decrease in myocardial oxygen supply and
providing a possible explanation for cold intolerance . Al-
though this may be important in patients who experience
angina on immediate exposure to cold (6), cold-induced
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coronary vasoconstriction is abolished by exercise (7) and
seems unlikely to account for differences observed in exer-
tional angina .
Exposure to cold consistently produces an increase in
systemic blood pressure, both in normal subjects (8) and in
patients with angina (1,3,5,9--13)
. However, heart rate re-
sponses have been variable, and although some investigators
(9,11,13,14) have reported a higher rate in cold environ-
ments, others have found either no difference or a lower rate
(5,10,12) . Cold-induced sympathetic activation may cause
either tachycardia as a result of beta,-receptor stimulation or
bradycardia if the baroreceptor response to alpha2-receptor-
mediated vasoconstriction is normal . It has been suggested
that the absence of bradycardia, perhaps due to dysfunction
of the baroreceptor reflex, may provide an explanation for
cold intolerance (1S), but this hypothesis has not been
investigated . We therefore studied the baroreceptor function
and hemodynamic responses to exercise of cold-tolerant and
cold-intolerant patients with angina in cold and thermoneu-
tral environments .
Methods
Ethical approval. The study was approved by the North
East Thames Ethics Committee, and written informed con-
sent was given by all patients .
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Patients. Fifteen patients aged :570 years with a normal
rest electrocardiogram (ECG) who developed XOA mV of
planar or downsloping ST segment depression on routine
exercise treadmill testing were recruited consecutively from
men undergoing exercise treadmill testing at Newham Gen-
eral Hospital for the assessment of angina . Coronary angiog-
raphy confirmed in all patients significant coronary artery
disease (defined as at least one >50% diameter stenosis in
one or more major coronary arteries) . Patients with diabetes,
peripheral neuropathy or any other neurologic disease were
excluded. Normal hemoglobin and renal and liver function
were confirmed in all patients . Patients were asked about a
history of cold intolerance before the study . Those with a
history J cold intolerance constituted group A, and those
without such a history constituted group B
Study design . Antianginal medication was withdrawn 5
days before the study with the exception of short-acting
nitrates, which were disallowed only on the day of the study .
No medication was taken on the morning of the study . The
patients ate a light breakfast 2 h before the study and
travelled by vehicle to the laboratory to avoid cold exposure .
Standardized clothing was worn for both tests (light trousers
and no upper garments). A cannula was placed in an ante-
cubital vein of the right forearm before starting the study to
enable blood to be taken for assay of catecholamines .
Baseline readings of heart rate and blood pressure were
made in the sitting position . Patients then underwent, in a
randomized crossover manner, two exercise treadmill tests
performed inside a climate-controlled chamber . One test
(cold environment) was performed at a temperature of 6°°C
With a fan blowing air at 2 m/s on the face and upper chest,
and one test (warm environment) was performed at room
temperature (25°C). Room and chest skin temperatures were
measured by uncovered T-type thermocouples . Preexercise
measurements were made in the standing position when the
patient had spent 15 min in the chamber . A standardized
light snack was given after the first test, and the second test
was performed after a 2-h break .
Blood samples. Uncuffed blood samples were taken from
the intravenous cannula for assay of epinephrine and nor-
epinephrine . Two samples were drawn 5 min apart before
the patient entered the temperature-controlled chamber
(room temperature), and the mean value of these two sam-
ples was taken as the baseline . Further samples were taken
15 min after the patient entered the chamber (immediately
before exercise treadmill testing) and at peak exercise .
Blood was centrifuged, and the plasma was frozen within
15 min of sampling and stored at -50°C until assayed .
Assay of catecholamines . Plasma epinephrine and norepi-
nephrine were measured by liquid chromatography and
electrochemical detection (16) . The lowest detection limit for
each assay was 0 .05 nmol/liter . The intraassay and interas-
say coefficients of variation were 5 .1% and 7.5% for epineph-
rine and 3 .7% and 6 .6% for norepinephrine, respectively
.
Exercise treadmill test . A symptom-limited treadmill test
was performed according to the Bruce protocol (17), using a
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Marquette treadmill
. A three-channel ECG was monitored
continuously, and ECGs were recorded at baseline and
every 60 s throughout the study
. Brachial blood pressure
was measured by sphygmomanometry twice before exer-
cise, every 3 min during exercise and at peak exercise . Two
measurements of brachial artery blood flow were made in the
contralateral arm inside the climate-controlled chamber and
before and at peak exercise, using a duplex Doppler probe .
Brachial vascular resistance was calculated by dividing the
mean arterial pressure by brachial artery flow .
To obtain objective measurement of the onset of angina,
no communication was made with the patient during the test,
and the patient indicated the onset of chest discomfort by
pressing a buzzer . Exercise was stopped when the patient
pressed the buzzer for the second time or if any of the
following occurred : decrease in systolic blood pressure
>10 mm Hg, significant ventricular arrhythmias or >5-mm
ST segment depression . One patient developed ventricular
premature beats during the study at 25°C and was excluded .
aroreceptor function . Baroreceptor function %as as-
sessed at room temperature by measuring the decrease in
systolic blood pressure I min after standing from the supine
position .
Statistical analysis . All averaged results are expressed as
mean value ± SEM . The significance of differences between
groups A and B and between cold and warm environments
was obtained by repeated measures analysis of variance .
Two-sided p values were considered significant at the 5%
level .
Results
Patients . Fourteen patients were studied (mean age 57
3 years, range 41 to 70) . Seven patients had a history of cold
intolerance (group A), whereas seven did not (group B) .
Response of catecholamines to cold a& exercise (Fig . 1) .
Epinephrine levels increased with exercise, but there was no
difference between the warm and cold environments . In
contrast, norepinephrine levels increased by 139% in the
cold environment and by a further 150% with exercise
.
There was no difference in epinephrine or norepinephrine
levels between cold-intolerant and cold-tolerant patients at
baseline, before exercise or at peak exercise .
Exercise response in all patients (Table 1) . Hemodynamic
response .
Temperature did not significantly affect heart rate
at rest or at any exercise level . Systolic blood pressure,
however, was consistently higher in the cold environment, at
rest, during exercise and at peak exercise, although these
differences did not reach significance
. Brachial vascular
resistance, like blood pressure, was higher in the cold
environment, but the difference was significant only at peak
exercise .
Ischemic and symptomatic responses
. The time to onset
of ischernic ST segment depression was unaffected by the
environmental temperature, and although angina tended to
631
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Figure 1 . Effects of environmental temperature and exercise on
plasma epinephrine (A) and norepinephrine (8) in seven cold-
intolerant (0) and seven cold-tolerant (dot) patients . Interpatient
(A) mW p < 0.001 (9). Intrapatient difference between warm and
cold environments, p = 0.22 (A) and p = 0.001 (B) . Triangles
25"C; socrisks = K; squares = standard error bars .
occur earlier in the cold environment, the difference was not
significant. The peak exercise time was not significantly
affected by environmental temperature .
ColId-intolerant versus cold-tolerant patients (Table 2, Fig .
2 and 3). Seven patients reported a history of cold intoler-
ance (group A). The other seven reported no effect of
environmental temperature on the severity of their angina
(group B). The ages of patients in groups A and B were not
significantly different (54 ± 4 vs . 59 ± 3 years) . However,
baroreceptor function, measured by the decrease in systolic
blood pressure on standing from the supine position (Fig . 3),
was diminished in group A compared with group B (19
7 vs. 0 ± 4 mm H_t, . p = 0.04) .
Remodynamic response. Environmental temperature
did not significantly affect the heart rate response to exercise
BasolMs Pro-exercise Peak exercise
	 7
Baseline Pro-exercise Peak exercise
in either group . Nevertheless, in group A the heart rate
response tended to be more pronounced in the cold environ-
ment, a difference not seen in group B . Blood pressure was
higher in the cold environment in both groups. Thus, in
group A, cold exposure caused the relation between heart
rate-systolic blood pressure product and exercise duration
to tend toward the left. In group B, conversely, cold expo-
sure had little effect on this relation .
Ischemic and symptomatic response . In both groups, the
onset of ischemia and angina and peak exercise occurred at
relatively fixed rate-pressure products . Thus, in group A, the
cold-induced leftward shift of the rate-pressure product to
exercise time relation resulted in the earlier onset of isch-
emia and angina, which led in turn to a reduction in peak
exercise time . In group B, conversely, cold exposure had
less effect on rate-pressure product during exercise; accord-
ingly, neither ischemia nor angina occurred any earlier, and
peak exercise time was unaffected .
Discussion
This study examined hemodynamic, ischemic and symp-
tomatic responses to exercise in patients with angina during
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difference in cold-intolerant and cold-tolerant patients, p 0.90
(A) and p = 0.710). Intrapatient difference on exercise, p 0.03
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Table 1 . Comparison of Exercise Variables in Cold and Warm Environments
Values presented are mean value ± SENT .
exposure to cold . The cold stimulus was less severe than that
used in previous studies (1-3,5,9,11-13) but was exaggerated
by blowing air into the patients' faces to simulate the
conditions of a windy winter day in London. An important
feature of this study was the inclusion of both cold-intolerant
and cold-tolerant patients . In contrast, most previous studies
have included only patients with a history of cold intolerance
(1-3,9,11-13) .
Influence of cold exposure on ischemia and angina . The
easily derived
product
of heart rate and systolic blood
pressure correlates closely with myocardial oxygen demand
(18) . Exercise causes both of these variables to increase and
may therefore induce angina in patients with coronary artery
disease . Cold exposure may also provoke angina, but it has
been difficult to identify a unifying mechanism that accounts
satisfactorily for this observation . It has usually been attrib-
uted to a decreased myocardial oxygen supply caused by
coronary vasoconstriction (5,6), but this does not provide an
explanation for differences between patients . In support of
this, Juneau et al . (5) reported that the rate-pressure product
at the onset of ECG ischemia was significantly lower during
exercise in the cold in cold-sensitive patients, implying that
ischemia was occurring at a lower myocardial oxygen con-
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sumption. More commonly in studies of this type, however,
the rate-pressure product at which ischemia develops has
been shown to be independent of environmental tempera-
ture, and one group of investigators found that it increased
significantly in the cold (12) .
Variable response to cold exposure. These conflicting
findings appear to indicate important variability in the hemo-
dynamic responses to cold that may in part ex?lain why
clinical responses are equally variable . Thus, not all inves-
tigators have been able to demonstrate that cold exposure in
patients with coronary artery disease produces a significant
reduction in exercise capacity, even in patients with a
history of cold intolerance (11) .
Reasons for the variable hemodynamic and clinical re-
sponses to cold reported in. different studies of angina are not
clear but may relate, at least in part, to heterogeneity within
and between the study populations . Thus, when thL exercise
tests at room temperature were compared with those at 6°C
for the group as a whole, it was found that, despite increases
in brachial vascular resistance and systolic blood pressure
during cold exposure, the time to ischemia and angina
remained fairly constant, and exercise tolerance was un-
affected . Ischemia in the two tests occurred at relatively
Cold
Environment
(n = 14)
warm
Environment
(n = 14)
P
Value
Room temperature (°C)
6.5 ± 0 .2 24 .9 0 .6
0 . J1111
Skin temperature (T)
22 .8 ± 0 .6
33 .0 0 .2
Preexercise
Heart rate (beats/min)
0 .92
89±4
90±4
Systolic blood pressure (mm Hg) 155 ± 6
140 ± 5 0 .007
Brachial vascular resistance
2 .56 ± 0 .23 2.10
± 0 .22 0 .08
(mm Hg/liter per min)
Rate-pressure product
14 .4 ± 0 .7 12 .5 ± 0 .6
0 .05
(mm Hg x (beats/min) x 10 1)
Onset of ischemia
Time (s)
204 ± 35 223 ± 29
0 .19
Hun rate (beats/min) 112 ±° 4
120 ± 4
0 .18
Systolic blood pressure (nan Hg) 183 ± 10
161 ± 8 0,006
Rate-pressure product 20 .5 ± 1 .2
19 .1 ± 0 .9 0 .30
(mm Hg x (beats/min) x 10')
Onset of angina
Time
; (s) 310 ± 48 342 ± 45
0 .16
Heart rate (beats/miss) 119 ± 5
122 ± 5 0.55
Systolic blood pressure (mm Hg) 191 ± 8 170 ± 7 0.003
Rate-pressure product 22 .5 ± 1 .0 20 .8 ± 1 .0 0 .18
(mm Hg x (beats/min) x 10')
Peak exercise
Time (s) 406 ± 54 431 ± 46
0.20
Heart rate (beats/min) 151 ± 9 150 ± 7
0 .76
Systolic blood pressure (mm Hg) 192 ± 8 181 6 0 .05
Brachial vascular resistance
130 0
.12
1 .19 0 .16 0. III
(mm Hg/liter per min)
Rate-pressure product 25 .9 3 .0 23 .9 ± 2 .0 0 .24
(mm Hg x (beats/min) x 103)
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TaMe 2. Comparison of Hemodynamic Responses to Exercise in Cold-Intolerant (Group A) and Cold-Tolerant (Group
E) Patients
Values presented are mean value SEM .
fixed rate-pressure product" suggesting that ii was caused
by a myocardial oxygen demand exceeding a temperature-
independent threshold and not by cold-induced coronary
vasoconstriction . When the same comparison was applied to
sub ups with and without a history of cold intolerance,
some interesting differences emerged. At 6C, patients with
a history of cold intolerance tended to manifest a leftward
shift in the relation between rate-pressure product and
exercise duration . This shift ensured that the ischemic
threshold was exceeded at a lower work load such that
angina developed earlier and exercise tolerance was re-
duced. Conversely, in patients with no history of cold
intolerance, this leftward shift did not occur and conse-
quently there was no tendency for ischemia to develop
earlier during cold exposure .
tallueom of a differential heart rate response . The data
are therefore consistent with the view that cold intolerance
in patients with exertional angina is the result of exaggerated
myocardial oxygen demand, reflected by the changes in
rate-pressure product . Cold-induced increases in peripheral
resistance and blood pressure probably make the major
contribution to this, mediated by increased levels of norepi-
nephrine on exercise that are particularly marked in the cold .
However, this does not provide the full explanation because
JOE Vol
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similar increases in catecholamines and rate-pressure prod-
uct were observed in the subgroup that was not cold intol-
erant. In the cold-tolerant subgroup, the rates at which heart
rate increased during exercise in the cold and warm environ-
ments were similar. In contrast, in the cold-intolerant group
there was a tendency toward a steeper heart rate response in
the cold environment. Accordingly, the rate-pressure prod-
uct at a given work load increased .
Role of baroreceptor function. Mechanisms responsible
for the different rate responses in the cold-tolerant and
cold-intolerant groups are not clear, but it is possible to
speculate that the baroreceptor reflex plays a role because
the normal response to an increase in blood pressure is
baroreceptor-mediated bradycardia. Baroreceptor function
was normal in the cold-tolerant group (judged by blood
pressure changes from the supine to the standing position),
and the diminished heart rate response during cold-induced
increases in exertional blood pressure could therefore be
regarded as normal . Conversely, in the cold-intolerant
group, baroreceptor function was impaired and the heart rate
response to exercise showed no tendency to diminish despite
cold-induced increases in blood pressure .
Conclusions. This study showed that exposure of patients
with exertional angina to temperatures that typically occur
Group A (n = 7)
Group B (n = 7)
Cold
Environment
Warm
Environment p Value
Cold
Environment
Warm
Environment p Value
Differences before exercise
Hew rate (beatstmin)
90±4 92±6 0.61
89±8 87±6
0.72
Systolic blood pressure (mm Hg)
155¢9
133±7
0.009
156±7 146±8 0.25
Brachial vascular resistance
2.76 0.38
1 .96 ± 0 .31 0.03 2 .36 0.27 2.23 ± 0.31 0 .76
(mm Hlyliter per min)
Rate-pressure product
14 .5 ± 0.8 12 .4 :t 1 .0 0.04 14.3±1.2 12.6±0.8 0 .32
(mm Hg x (beats/min) x 10')
Differences at onset of ischemia
Time (s)
242 ± 50 0 .05 206 ± 43 203 ± 31 0 .91201® 58
Heart
rate (beats/min)
112" 5 120 t 5 0,39
112 ± 6
120 ± 6 0 .32
Systolic blood pressure
(mm Hg) 178 t 14 165 t 14 0.16
188 ± 14 157 ± 9
0 .02
Rat pressure product
20.1 ± 2 .1
19.4 ± 1 .3 0 .70 20.8 ± 1 .4 18.8 ± 1 .2
0 .30
Hg x (beats/min) x IW)
Differences at onset of angina
Time (9)
449 60 0.04 272 ± 44 236 ± 38 0 .13348 87
Heart rate (beats/min)
121 5 125 7 0.67 117±8 120±7 0.68
Systolic blood pressure (mm Hg)
189 11 180 10 0 .07 191 ± 11 161 ± 8 0 .02
Rate pressure product 22 .9 1 .8 22 .2 1 .4
0 .70
22 .1 2 1 .3 19.3 ± 1 .3 0 .14
(mm Hg x (beats/min) x 10
Differences at peak exercise
Time W 411 93 484 61
0.07 401 ± 77
379 ± 68 0.24
Heart rate (beats/min)
155 18 152 ± 12 0.78 147 ± 7 146 ± 8
0 .92
Systolic blood pressure (mm Hg)
186 12 183 ± 7 0 .64 197 It 179 ± 6 0.04
Brachial vascular resistance 1 .65 :t 0.16 1 .37 ± 0 .27 0.09 1
.34®0
.15 1.00±0.16 0 .06
(mm HgAiter per min)
Rate pressure product 26.1 ± 3 .2 0.65 24.4±3.5 21.7±2.3 1127 .5 ± 5 .2
(mm Hg x (beats/min) x 10
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Group B (n = 7)
Time from start of stress test (seconds)
98 days/year in London (London Weather Centre) causes
peripheral vasoconstriction and an increase in blood pres-
sure, particularly at submaximal exercise. However, associ-
ated increases in myocardial oxygen demand may be offset
by a reduction in heart rate if baroreceptor function is
normal. In contrast, if baroreceptor function is abnormal, a
reduction in heart rate may not occur in response to a cold-
635
Figure 2. Effects of environmental temperature on hemodynamic
variables during stress testing in cold-intolerant (left) and cold-
tolerant (right) patients . bpm = beats per min . Symbols as in
Figure I .
induced increase in blood pressure . The rate-pressure prod-
uct therefore increases, and its relation to exercise duration
shifts to the left, with the result that the ischemic threshold
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Group E (n=7)
Flpre 3
. Comparison of supine to standing blood pressure response
between cold-intolerant (group A) and cold-tolerant (group Ell
patients .
is exceeded at a lower work load
. This mechanism may
account for some of the variability in tolerance to cold
exposure that Was patients with exertional angina.
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